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GAS CONTROL DEVICE AND GAS The present invention has been devised considering such 
CONTROL METHOD a problem , and an object of the invention is to provide a gas 

control device and a gas control method that prevent dete 
CROSS - REFERENCE TO RELATED rioration of convenience that would occur due to a fault of 

APPLICATION a sensor that measures the internal temperature of a high 5 

pressure tank . 

15 

20 

35 

This application is based upon and claims the benefit of According to a first aspect of the present invention , a gas 
priority from Japanese Patent Application No. 2019-227862 control device includes : 
filed on Dec. 18 , 2019 , the contents of which are incorpo a high - pressure tank configured to store a fuel gas used in 
rated herein by reference . 10 a fuel cell ; 

an internal temperature sensor configured to measure an 
BACKGROUND OF THE INVENTION internal temperature of the high - pressure tank ; 

a discharge control unit configured to obtain an amount of 
Field of the Invention discharge of the fuel gas to be discharged from the high 

pressure tank to the fuel cell , based on the internal tempera 
The present invention relates to a gas control device and ture measured by the internal temperature sensor , and to 

a gas control method for controlling the discharge of a fuel perform a discharge control of the fuel gas based on the 
gas from a high - pressure tank to fuel cells . amount of discharge ; 

an abnormality detecting unit configured to detect an 
Description of the Related Art output abnormality of the internal temperature sensor ; and 

an ambient temperature sensor configured to measure an 
Fuel cell vehicles ( simply referred to also as vehicles ) ambient temperature outside of the high - pressure tank , 

power drive motors with electricity supplied from storage wherein , if the abnormality detecting unit detects an 
batteries and fuel cell stacks . Fuel cell stacks generate output abnormality of the internal temperature sensor , the 
electric power through electrochemical reactions between discharge control unit obtains the amount of discharge based 
hydrogen supplied from a high - pressure tank and oxygen 25 on the ambient temperature measured by the ambient tem 
from the air . The amount of power generation by a fuel cell perature sensor and performs the discharge control of the 
stack is determined by the amount of hydrogen supply . fuel gas based on the obtained amount of discharge . 
Accordingly , a gas control device controls the amount of According to a second aspect of the present invention , a 
discharge of hydrogen gas from the high - pressure tank gas control method uses : 
according to the amount of power generation that is required 30 a high - pressure tank configured to store a fuel gas used in 
for the vehicle . a fuel cell ; 
When hydrogen gas is discharged from a high - pressure an internal temperature sensor configured to measure an 

tank , the pressure inside the high - pressure tank decreases internal temperature of the high - pressure tank ; 
and then the temperature of the hydrogen gas decreases a discharge control unit configured to obtain an amount of 
( adiabatic expansion ) . As the temperature decrease of the discharge of the fuel gas to be discharged from the high 
hydrogen gas lowers the temperature of the high - pressure pressure tank to the fuel cell , based on the internal tempera 
tank , the temperature of the high - pressure tank and compo ture measured by the internal temperature sensor , and to 
nents around the tank may possibly fall below the lower perform a discharge control of the fuel gas based on the 
limits of their usable temperatures ( guaranteed tempera amount of discharge ; 
tures ) . The components will deteriorate below the lower- an abnormality detecting unit configured to detect an 
limit temperatures . output abnormality of the internal temperature sensor ; and 

Japanese Patent No. 4863651 discloses a device that sets an ambient temperature sensor configured to measure an 
a limit value of the output ( the amount of power generation ) ambient temperature outside of the high - pressure tank , 
of a fuel cell stack , or a limit value of the amount of the gas control method comprising causing the discharge 
discharge ( the amount of consumption ) of the hydrogen gas , control unit to obtain the amount of discharge based on the 
based on the temperature of the hydrogen gas discharged 45 ambient temperature measured by the ambient temperature 
from a high - pressure tank , and limits the output or the sensor and perform the discharge control of the fuel gas 
amount of discharge below the limit value . The device of based on the obtained amount of discharge , if the abnor 
Japanese Patent No. 4863651 is capable of preventing mality detecting unit detects an output abnormality of the 
deterioration of the hydrogen seal function that would occur internal temperature sensor . 
due to temperature decrease . According to the invention , it is possible to prevent 

In the device of Japanese Patent No. 4863651 , if the deterioration of convenience that would occur due to a fault 
temperature sensor that measures the temperature of the of the sensor that measures the internal temperature of the 
hydrogen gas malfunctions , then the limit value cannot be high - pressure tank . 
set properly . A method from a fail - safe perspective is pro The above and other objects , features , and advantages of 
posed as a countermeasure against this problem , in which , the present invention will become more apparent from the 
when the sensor malfunctions , the limit value is set so that following description when taken in conjunction with the 
the temperature of the hydrogen gas will not reach the limit accompanying drawings , in which a preferred embodiment 
of use even without monitoring of the temperature . of the present invention is shown by way of illustrative 

example . 
SUMMARY OF THE INVENTION 

BRIEF DESCRIPTION OF THE DRAWINGS 
However , addressing this problem from such a fail - safe 

perspective may lead to setting of unnecessarily low limit FIG . 1 is a diagram illustrating a fuel cell vehicle ; 
values . Then , the limit value may be set at a level where FIG . 2 is a block diagram illustrating a configuration of a 
normal running is difficult , for example in the case of a gas gas control device according to a first embodiment ; 
control device mounted in a fuel cell vehicle . In this way , 65 FIG . 3A is a diagram showing an example of a first map ; 
setting the limit values from the fail - safe perspective may FIG . 3B is a diagram showing an example of a second 
lessen convenience . map ; 
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FIG . 4 is a diagram illustrating a process flow that is interposed between the two electrodes . In each power gen 
performed by the gas control device of the first embodiment ; eration cell , hydrogen gas is supplied between one separator 

FIG . 5 is a diagram illustrating a second map that is and the anode electrode , and air ( oxygen ) is supplied 
different from that of FIG . 3B ; between the other separator and the cathode electrode . 
FIG . 6 is a diagram illustrating a process flow that is 5 The sensor group 40 includes an internal temperature 

performed by a gas control device of a second modification ; sensor 42 , an ambient temperature sensor 44 , a pressure 
FIG . 7 is a block diagram illustrating a configuration of a sensor 46 , and a flow sensor 48. The internal temperature 

gas control device according to a second embodiment ; and sensor 42 measures an internal temperature Ti in the high 
FIG . 8 is a diagram illustrating a process flow that is pressure tank 20. The ambient temperature sensor 44 mea 

performed by the gas control device of the second embodi- 10 sures an ambient temperature Ta outside of the high - pressure 
ment . tank 20. The ambient temperature Ta may be a temperature 

inside the space where the high - pressure tank 20 is installed , 
DESCRIPTION OF THE PREFERRED or may be a temperature outside of the vehicle 10 ( outside 

EMBODIMENTS air temperature ) . The ambient temperature sensor 44 may be 
15 attached on the outer peripheral surface of the high - pressure 

The gas control device and the gas control method accord- tank 20. The pressure sensor 46 measures an internal pres 
ing to the present invention will be described in detail in sure P in the high - pressure tank 20. The internal pressure P 
connection with preferred embodiments while referring to may be the pressure of the hydrogen gas flowing in the 
the accompanying drawings . piping from the high - pressure tank 20 to the pressure 

20 reducing valve 34. The flow sensor 48 measures the amount 
1. First Embodiment of discharge ( a gas flow rate F here ) of the hydrogen gas 

discharged from the high - pressure tank 20. The sensors 
[ 1.1 . Vehicle 10 ] output signals indicating the respective measured values to 
As shown in FIG . 1 , the embodiment described below the gas control ECU 50 . 

assumes a gas control device 18 that is provided in a fuel cell 25 The gas control ECU 50 includes an input / output unit 52 , 
system 12 of a vehicle 10. The vehicle 10 is a fuel cell an operation unit 54 , and a storage unit 56. The input / output 
vehicle and includes the fuel cell system 12 , a PCU ( Power unit 52 is composed of an A / D converter circuit , commu 
Control Unit ) 14 , and a drive motor 16 as the load . The fuel nication interface , a driver , and others . 
cell system 12 includes the gas control device 18 and The operation unit 54 is composed of a processor having 
generates electric power through electrochemical reactions 30 a CPU etc. , for example . The operation unit 54 executes 
between hydrogen and oxygen . The PCU 14 includes a programs stored in the storage unit 56 to realize various 
DC / DC converter and inverter ( neither of which is shown ) . functions . The operation unit 54 functions as a discharge 
The PCU 14 controls the output from the fuel cell system 12 control unit 58 and an abnormality detecting unit 60 . 
and outputs it to the motor 16 in response to a command The discharge control unit 58 controls the discharge of the 
signal from a drive ECU ( not shown ) configured to control 35 hydrogen gas in response to a power generation request 
the drive system of the vehicle 10. The motor 16 generates output from the drive ECU ( not shown ) . The discharge 
driving power for the vehicle 10 . control is classified into a normal control and a flow rate 
[ 1.2 . Configuration of Gas Control Device 18 ] limiting control . The normal control is a discharge control 
As shown in FIG . 2 , the gas control device 18 includes a that limits the gas flow rate F at or below a limit value L , 

high - press ssure tank 20 , a power plant 30 , a sensor group 40 , 40 with the limit value L of the gas flow rate F being set at a 
and a gas control ECU 50 . maximum value Lx . As mentioned earlier , the limit value L 

The high - pressure tank 20 includes a liner , reinforcing is the upper limit value of the gas flow rate F that is set in 
layer , and cap ( s ) ( not shown ) . The liner is made of resin , for order to prevent deterioration of the high - pressure tank 20 
example , and stores hydrogen gas inside . The reinforcing and components therearound that would occur due to 
layer is made of CFRP , for example , and covers the outer 45 decreased temperatures . The maximum value Lx is a value 
peripheral surface of the liner . One or two caps made of that is determined by the designs and structures of the 
metal ( aluminum ) , for example , are provided . high - pressure tank 20 and the power plant 30. That is , the 

The power plant 30 includes a main stop valve 32 , a normal control can be said to be a discharge control where 
pressure reducing valve 34 , an injector 36 , and a fuel cell limit value L is not set . On the other hand , the flow rate 
stack 38. The main stop valve 32 is provided on the piping 50 limiting control is a discharge control that limits the gas flow 
between the high - pressure tank 20 and the fuel cell stack 38 . rate F at or below the limit value L , with the limit value L 
The main stop valve 32 opens and closes in response to a of the gas flow rate F being set below the maximum value 
control signal output from the gas control ECU 50. The Lx . The discharge control unit 58 sets the control value L on 
pressure reducing valve 34 is provided on the piping the basis of a first map 62 or a second map 64 . 
between the main stop valve 32 and the fuel cell stack 38. 55 The abnormality detecting unit 60 detects output abnor 
The pressure reducing valve 34 reduces the pressure of the malities of the internal temperature sensor 42. For example , 
hydrogen gas flowing out from the main stop valve 32. The if the abnormality detecting unit 60 does not receive a signal 
injector 36 is provided on the piping between the pressure indicating the internal temperature Ti from the internal 
reducing valve 34 and the fuel cell stack 38. The injector 36 temperature sensor 42 , then the abnormality detecting unit 
controls the amount of discharge ( flow rate ) of the hydrogen 60 60 determines that an output abnormality is occurring . Or , 
gas into the fuel cell stack 38 in accordance with a control the abnormality detecting unit 60 determines that an output 
signal output from the gas control ECU 50. The fuel cell abnormality is occurring if the internal temperature Ti 
stack 38 includes a plurality of power generation cells ( not measured by the internal temperature sensor 42 is abnormal 
shown ) . The power generation cells each include an elec- in comparison with the ambient temperature Ta . 
trode assembly and a pair of separators sandwiching the 65 The storage unit 56 is composed of RAM , ROM , hard 
electrode assembly . The electrode assembly includes an disk , etc. The storage unit 56 stores various information that 
anode electrode , a cathode electrode , and an electrolyte is used in operations of the operation unit 54 , as well as 

a 
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various programs . The storage unit 56 further stores control internal pressure P. The discharge control unit 58 selects the 
information ( referred to as first map 62 ) in which the internal second map 64 that corresponds to the internal pressure P , 
temperature Ti and the limit value L of the gas flow rate F and specifies , in the selected second map 64 , the limit value 
are associated with each other . The storage unit 56 further L that corresponds to the ambient temperature Ta . After step 
stores information ( referred to as second map 64 ) in which 5 S4 has ended , the process moves to step S5 . 
the ambient temperature Ta , the internal pressure P , and the At step S5 , the discharge control unit 58 performs the 
limit value L of the gas flow rate F are associated with each discharge control by setting the limit value L specified at 
other . The first map 62 and the second map 64 are previously step S3 or step S4 . The discharge control unit 58 controls the 
obtained by actual measurements or simulations . injector 36 so that the gas flow rate F measured by the flow 
FIG . 3A shows an example of the first map 62. The first 10 sensor 48 does not exceed the limit value L. If the internal 

map 62 associates values of the internal temperature Ti in a temperature Ti is at or above the limitation starting tem 
range from a lowest temperature Til to a temperature value perature Ti2 , or if the ambient temperature Ta is at or above 
less than a limitation starting value Ti2 ( TilsTi < Ti2 ) , with the limitation starting temperature Tat , then the discharge 
limit values L that are less than the maximum value Lx . In control unit 58 does not have to set the maximum value Lx 
this temperature range , a lower internal temperature Ti is 15 as the limit value L. This is because , structurally , the 
associated with a smaller limit value L. The lowest tem- high - pressure tank 20 and the power plant 30 do not cause 
perature Til is the lower limit of temperature at which the the gas flow rate F to exceed the maximum value Lx . After 
vehicle 10 can be used . Further , the first map 62 also step S5 has ended , the process returns to step Si . 
associates values of the internal temperature Ti in a tem- [ 1.4 . Modifications ] 
perature range at or above the limitation starting temperature 20 The first embodiment can be modified as follows . 
Ti2 ( Ti2sTi ) , with the maximum value Lx . [ First Modification ) 
FIG . 3B shows an example of the second map 64. The In place of the second map 64 as shown in FIG . 3B , the 

second map 64 is information that associates values of the second map 64 shown in FIG . 5 may be used . The second 
ambient temperature Ta and the limit values L in the cases map 64 of FIG . 5 is control information in which a plurality 
where a balance is attained between the amount of heat 25 of levels of the control value L , a plurality of ranges of the 
received by the high - pressure tank 20 from the outside internal pressure P , and a plurality of ranges of the ambient 
atmosphere and the amount of heat discharged by the temperature Ta are associated with each other . This second 
high - press essure tank 20 to the outside atmosphere as the map 64 associates six pressure ranges ( first to sixth pressure 
high - pressure tank 20 discharges the hydrogen gas . The ranges ) , four temperature ranges ( first to fourth temperature 
second map 64 is set for each value of the internal pressure 30 ranges ) , and four limit values L ( Lx , L1 to L3 ) . 
P. The pressure ranges are defined by dividing the range 

The second map 64 associates values of the ambient from the upper limit to the lower limit of the internal 
temperature Ta in a range from a lowest temperature Tal to pressure P of the high - pressure tank 20 into six ranges . The 
a temperature value less than a limitation starting tempera- pressures in the ranges become larger in the order of first 
ture Ta2 ( TalsTa < Ta2 ) , with limit values L that are less than 35 pressure range , second pressure range , third pressure range , 
the maximum value Lx . In this temperature range , a lower fourth pressure range , fifth pressure range , and sixth pres 
ambient temperature Ta is associated with a smaller limit sure range . The temperature ranges are defined by dividing 
value L. The lowest temperature Tal is the lower limit of the range of the ambient temperature Ta from the lowest 
temperature at which the vehicle 10 can be used . The second temperature Tal to a given temperature into four ranges . The 
map 64 also associates values of the ambient temperature Ta 40 temperatures in the ranges become larger in the order of 
in a temperature range at or above the limitation starting fourth temperature range , third temperature range , second 
temperature Ta2 ( Ta2sTa ) , with the maximum value Lx . temperature range , and first temperature range . When using 
[ 1.3 . Gas Control Method ] the second map 64 shown in FIG . 5 , the discharge control 
A gas control method according to the first embodiment unit 58 can change the control value L among the four levels 

will be described referring to FIG . 4. The process explained 45 ( Lx , L1 , L2 , L3 ) . 
below is executed at certain time intervals in the vehicle 10 In the first modification , at step S4 shown in FIG . 4 , the 
in which the fuel cell system 12 is operating . discharge control unit 58 specifies the temperature range in 

At step S1 , the discharge control unit 58 acquires the which the ambient temperature Ta is included and the 
internal temperature Ti measured by the internal temperature pressure range in which the internal pressure P is included , 
sensor 42 , the ambient temperature Ta measured by the 50 by using the second map 64 shown in FIG . 5 , and specifies 
ambient temperature sensor 44 , and the internal pressure P the limit value L that corresponds to these ranges . 
measured by the pressure sensor 46. After step Si has ended , [ Second Modification ] 
the process moves to step S2 . In the embodiment described above , if an output abnor 

At step S2 , the abnormality detecting unit 60 determines mality occurs in the internal temperature sensor 42 , the 
whether the internal temperature sensor 42 is normal or not . 55 discharge control unit 58 obtains the limit value L of the gas 
If the internal temperature sensor 42 is normal ( step S2 : flow rate F on the basis of the ambient temperature Ta and 
YES ) , the process moves to step S3 . On the other hand , if the the internal pressure P. This embodiment may be modified so 
internal temperature sensor 42 is not normal ( step S2 : NO ) , that the discharge control unit 58 does not use the informa 
then the process moves to step S4 . tion of internal pressure P. That is , the discharge control unit 

At step S3 , the discharge control unit 58 specifies the limit 60 58 obtains the limit value L of the gas flow rate F on the basis 
value L on the basis of the internal temperature Ti of the of the ambient temperature Ta , when an output abnormality 
high - pressure tank 20. The discharge control unit 58 speci- occurs in the internal temperature sensor 42. Then , the 
fies the limit value L that corresponds to the internal discharge control unit 58 may perform the hydrogen gas 
temperature Ti in the first map 62. After step S3 has ended , discharge control based on the obtained limit value L of the 
the process moves to step S5 . 65 gas flow rate F. 

At step S4 , the discharge control unit 58 specifies the limit As shown in FIG . 6 , the operations at steps S11 to S15 
value L on the basis of the ambient temperature Ta and the performed in the second modification are the same as those 
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at steps S1 to $ 5 of the first embodiment except that the At step S21 , the discharge control unit 58 acquires the 
internal pressure P is not used . internal temperature Ti measured by the internal temperature 
[ Other Modifications ] sensor 42 , the internal temperature ti measured by the 
The above - described embodiments obtain the limit value internal temperature sensor 142 , the ambient temperature Ta 

L of the gas flow rate F. Incidentally , the gas flow rate F and 5 measured by the ambient temperature sensor 44 , and the 
the amount of power generation of the fuel cell stack 38 are internal pressure Pmeasured by the pressure sensor 46. After 
in proportion to each other . Accordingly , the discharge step S21 has ended , the process moves to step S22 . 
control unit 58 may obtain a limit value of the amount of At step S22 , the abnormality detecting unit 60 determines 
power generation of the fuel cell stack 38 , instead of the whether the internal temperature sensors 42 and 142 are 
limit value L of the gas flow rate F. 10 normal or not . If the internal temperature sensors 42 and 142 

The gas control device 18 may be provided in the fuel cell are normal ( step S22 : YES ) , the process moves to step S23 . 
system 12 other than one provided in the vehicle 10. For On the other hand , if at least one of the internal temperature 
example , the gas control device 18 may be used for a sensors is not normal ( step S22 : NO ) , then the process 
household fuel cell system 12 . moves to step S26 . 

At step S23 , the discharge control unit 58 specifies the 
2. Second Embodiment limit value L on the basis of the internal temperature Ti of 

the high - pressure tank 20. The discharge control unit 58 
The fuel cell system 12 may be provided with a plurality specifies the limit value L that corresponds to the internal 

of high - pressure tanks 20. An embodiment will be described temperature Ti in the first map 62. After step S23 has ended , 
below in which the gas control device 18 is provided with 20 the process moves to step S24 . 
two high - pressure tanks 20 and 120 having different hydro- At step S24 , the discharge control unit 58 specifies the 
gen gas storage capacities . limit value L on the basis of the internal temperature ti of the 
[ 2.1 . Configuration of Gas Control Device 18 ] high - pressure tank 120. The discharge control unit 58 speci 
As shown in FIG . 7 , the gas control device 18 of the fies the limit value L that corresponds to the internal 

second embodiment includes a high - pressure tank 120 , a 25 temperature ti in the third map 162. After step S24 has 
main stop valve 132 , a pressure reducing valve 134 , an ended , the process moves to step S25 . 
injector 136 , an internal temperature sensor 142 , and a flow At step S25 , the discharge control unit 58 compares the 
sensor 148 , in addition to the components of the first two limit values L specified at steps S23 and S24 and selects 
embodiment shown in FIG . 1 . a lower one of the limit values L. After step S25 has ended , 

The high - pressure tank 120 has a smaller storage capacity 30 the process moves to step S31 . 
than the high - pressure tank 20. The main stop valve 132 , the At step S26 , the abnormality detecting unit 60 determines 
pressure reducing valve 134 , and the injector 136 are dis- whether the internal temperature sensor ( the internal tem 
posed between the high - pressure tank 120 and the fuel cell perature sensor 42 for the high - pressure tank 20 having a 
stack 38. The internal temperature sensor 142 measures an larger capacity ) is normal or not . If the internal temperature 
internal temperature ti of the high - pressure tank 120. The 35 sensor 42 is normal , in other words , if the internal tempera 
flow sensor 148 measures the amount of discharge ( a gas ture sensor 142 is not normal ( step S26 : YES ) , the process 
flow rate f here ) of the hydrogen gas from the high - pressure moves to step S27 . On the other hand , if the internal 
tank 120 . temperature sensor 42 is not normal , in other words , if the 

The storage unit 56 stores a third map 162 corresponding internal temperature sensor 142 is normal ( step S26 : NO ) , 
to the high - pressure tank 120 , like the first map 62 corre- 40 then the process moves to step S28 . 
sponding to the high - pressure tank 20. The third map 162 At step S27 , the discharge control unit 58 specifies the 
associates values of the internal temperature ti in a range limit value L on the basis of the internal temperature Ti of 
from a lowest temperature til to a temperature value less the high - pressure tank 20. The discharge control unit 58 
than a limitation starting value ti2 ( tilsti < ti2 ) , with limit specifies the limit value L that corresponds to the internal 
values L that are less than the maximum value Lx . The third 45 temperature Ti in the first map 62. After step S27 has ended , 
map 162 also associates values of the internal temperature ti the process moves to step S31 . 
in a temperature range at or above the limitation starting At step S28 , the discharge control unit 58 specifies the 
temperature ti2 ( ti2 sti ) , with the maximum value Lx . limit value L on the basis of the ambient temperature Ta and 
[ 2.2 . Gas Control Method ] the internal pressure P. The discharge control unit 58 selects 

In the second embodiment , the discharge control unit 58 50 the second map 64 that corresponds to the internal pressure 
performs control operations as follows . If an output abnor- P , and specifies the limit value L that corresponds to the 
mality does not occur in the internal temperature sensor 42 ambient temperature Ta in the selected second map 64. After 
and the internal temperature sensor 142 , the discharge step S28 has ended , the process moves to step S29 . 
control unit 58 performs the discharge control by selecting At step S29 , as at step S24 , the discharge control unit 58 
a lower one of the limit value L of the gas flow rate F 55 specifies the limit value L on the basis of the internal 
obtained based on the internal temperature Ti and the limit temperature ti of the high - pressure tank 120. After step S29 
value L of the gas flow rate f obtained based on the internal has ended , the process moves to step S30 . 
temperature ti . If an output abnormality occurs only in the At step S30 , the discharge control unit 58 compares the 
internal temperature sensor 42 , the discharge control unit 58 two limit values L that have been specified at steps S28 and 
performs the discharge control by selecting a lower one of 60 S29 , and selects a lower one of the limit values L. After step 
the limit value L of the gas flow rate F obtained based on the S30 has ended , the process moves to step S31 . 
ambient temperature Ta and the limit value L of the gas flow At step S31 , the discharge control unit 58 performs the 
rate f obtained based on the internal temperature ti . discharge control by setting the limit value L specified at 

The gas control method of the second embodiment will be step S25 or step S27 or step S30 . The discharge control unit 
described referring to FIG . 8. The operations below are 65 58 controls the injector 36 so that the gas flow rate F 
executed at given time intervals in the vehicle 10 in which measured by the flow sensor 48 does not exceed the limit 
the fuel cell system 12 is operating . value L. Further , the discharge control unit 58 controls the 
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injector 136 so that the gas flow rate f measured by the flow In the first aspect , the gas control device 18 may further 
sensor 148 does not exceed the limit value L. After step S31 include a pressure sensor 46 configured to measure an 
has ended , the process returns to step S21 . internal pressure P of the high - pressure tank 20 . 
[ 2.3 . Modifications ] Then , if the abnormality detecting unit 60 detects an 
The same modifications as those of the first embodiment 5 output abnormality of the internal temperature sensor 42 , the 

can be made to the second embodiment . discharge control unit 58 may obtain the amount of dis 
[ 3. Technical Ideas Obtained from Embodiments ] charge ( the limit value L of the gas flow rate F ) on the basis 

Technical ideas that can be obtained from the above of the ambient temperature Ta measured by the ambient 
described embodiments and modifications will be recited temperature sensor 44 and the internal pressure P measured 
below . 10 by the pressure sensor 46 , and perform the discharge control 

of the fuel gas on the basis of the amount of discharge . According to a first aspect of the invention , a gas control According to the configuration above , if the internal device 18 includes : temperature sensor 42 malfunctions , the discharge control is a high - pressure tank 20 configured to store a fuel gas used performed on the basis of the ambient temperature Ta 
in fuel cells ( fuel cell stack 38 ) ; 15 measured by the ambient temperature sensor 44 and the an internal temperature sensor 42 configured to measure internal pressure P measured by the pressure sensor 46 . an internal temperature Ti of the high - pressure tank 20 ; Using not only the ambient temperature Ta but also the 

a discharge control unit 58 configured to obtain the internal pressure P enables acquisition of a more accurate 
amount of discharge ( the limit value L of the gas flow rate amount of discharge ( the limit value L of the gas flow rate 
F ) of the fuel gas to be discharged from the high - pressure 20 F ) . 
tank 20 to the fuel cells , based on the internal temperature In the first aspect , the gas control device 18 may further 
Ti measured by the internal temperature sensor 42 , and to include a storage unit 56 storing , for each value of the 
perform a discharge control of the fuel gas on the basis of the internal pressure P , control information ( the second map 64 
amount of discharge ; in FIG . 3B ) that associates together the ambient temperature 

an abnormality detecting unit 60 configured to detect an 25 Ta and the amount of discharge ( the limit value L of the gas 
output abnormality of the internal temperature sensor 42 ; flow rate F ) in cases where the amount of heat received by 
and the high - pressure tank 20 from the outside atmosphere and 

an ambient temperature sensor 44 configured to measure the amount of heat discharged by the high - pressure tank 20 
an ambient temperature Ta outside of the high - pressure tank to the outside atmosphere as the high - pressure tank 20 
20 . 30 discharges the fuel gas are balanced . 

Then , if the abnormality detecting unit 60 detects an Then , if the abnormality detecting unit 60 detects an 
output abnormality of the internal temperature sensor 42 , the output abnormality of the internal temperature sensor 42 , the 
discharge control unit 58 obtains the amount of discharge on discharge control unit 58 may obtain the amo nt of dis 
the basis of the ambient temperature Ta measured by the charge on the basis of the ambient temperature Ta measured 
ambient temperature sensor 44 and performs the discharge 35 by the ambient temperature sensor 44 , the internal pressure 
control of the fuel gas on the basis of the obtained amount P measured by the pressure sensor 46 , and the control 
of discharge . information stored in the storage unit 56 , and perform the 

According to the configuration above , the discharge con- discharge control of the fuel gas on the basis of the obtained 
trol is performed on the basis of the ambient temperature Ta amount of discharge . 
measured by the ambient temperature sensor 44 if the 40 In the first aspect , the gas control device 18 may further 
internal temperature sensor 42 malfunctions . The internal include a storage unit 56 storing control information ( the 
temperature Ti of the high - pressure tank 20 is influenced by second map 64 in FIG . 5 ) that associates together a plurality 
the ambient temperature Ta . Accordingly , the discharge of levels of the amount of discharge ( Lx , L1 , L2 , L3 ) , a 
control based on the ambient temperature Ta reflects to some plurality of ranges of the internal pressure P ( the first to sixth 
extent the discharge control based on the internal tempera- 45 pressure ranges ) , and a plurality of ranges of the ambient 
ture Ti . For example , when the configuration is used for the temperature Ta ( the first to fourth temperature ranges ) . 
vehicle 10 , the vehicle 10 can run normally . Thus , the Then , if the abnormality detecting unit 60 detects an 
configuration above prevents lowering of convenience due output abnormality of the internal temperature sensor 42 , the 
to a fault of the internal temperature sensor 42 that measures discharge control unit 58 may obtain the amount of dis 
the internal temperature Ti of the high - pressure tank 20 . 50 charge ( the limit value L of the flow rate F ) on the basis of 

In the first aspect , the gas control device 18 may further the ambient temperature Ta measured by the ambient tem 
include a storage unit 56 storing control information ( the perature sensor 44 , the internal pressure P measured by the 
second map 64 in FIG . 3B ) that associates together the pressure sensor 46 , and the control information stored in the 
ambient temperature Ta and the amount of discharge ( the storage unit 56 , and perform the discharge control of the fuel 
limit value L of the gas flow rate F ) in cases where the 55 gas on the basis of the obtained amount of discharge . 
amount of heat received by the high - pressure tank 20 from In the first aspect , the high - pressure tank may include a 
the outside atmosphere and the amount of heat discharged by first tank ( high - pressure tank 20 ) , and a second tank ( high 
the high - pressure tank 20 to the outside atmosphere as the pressure tank 120 ) that has a smaller storage capacity of the 
high - pressure tank 20 discharges the fuel gas are balanced . fuel gas than the first tank , and 
Then , if the abnormality detecting unit 60 detects an 60 the internal temperature sensor may include a first internal 

output abnormality of the internal temperature sensor 42 , the temperature sensor ( internal temperature sensor 42 ) config 
discharge control unit 58 may obtain the amount of dis- ured to measure the internal temperature Ti of the first tank , 
charge on the basis of the ambient temperature Ta measured and a second internal temperature sensor ( internal tempera 
by the ambient temperature sensor 44 and the control ture sensor 142 ) configured to measure the internal tempera 
information stored in the storage unit 56 , and perform the 65 ture ti of the second tank . 
discharge control of the fuel gas on the basis of the obtained Then , if the abnormality detecting unit 60 does not detect 
amount of discharge . an output abnormality of either of the first internal tempera 
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ture sensor and the second internal temperature sensor , the a discharge control unit configured to obtain an amount of 
discharge control unit 58 may perform the discharge control discharge of the fuel gas to be discharged from the 
by selecting a lower one of the amount of discharge ( the high - pressure tank to the fuel cell , based on the internal 
limit value L of the gas flow rate F ) obtained based on the temperature measured by the internal temperature sen 
internal temperature Ti measured by the first internal tem sor , and to perform a discharge control of the fuel gas 
perature sensor and the amount of discharge ( the limit value based on the amount of discharge ; 
L of the gas flow rate f ) obtained based on the internal an abnormality detecting unit configured to detect an 
temperature ti measured by the second internal temperature output abnormality of the internal temperature sensor ; 

and 
if the abnormality detecting unit 60 detects an output 10 an ambient temperature sensor configured to measure an 

abnormality of only the first internal temperature sensor , the ambient temperature outside of the high - pressure tank , 
discharge control unit 58 may perform the discharge control wherein , if the abnormality detecting unit detects an 
by selecting a lower one of the amount of discharge obtained output abnormality of the internal temperature sensor , 
based on the ambient temperature Ta measured by the the discharge control unit switches temperature infor 
ambient temperature sensor 44 and the amount of discharge 15 mation from the internal temperature to the ambient 
obtained based on the internal temperature ti measured by temperature for use in obtaining the amount of dis 
the second internal temperature sensor . charge , obtains the amount of discharge based on the 

According to a second aspect of the invention , a gas ambient temperature measured by the ambient tem 
control method uses : perature sensor and performs the discharge control of 

a high - pressure tank 20 configured to store a fuel gas used 20 the fuel gas based on the obtained amount of discharge . 
in fuel cells ( fuel cell stack 38 ) ; 2. The gas control device according to claim 1 , further 

an internal temperature sensor 42 configured to measure comprising a storage unit configured to store control infor 
an internal temperature Ti of the high - pressure tank 20 ; mation that associates together the ambient temperature and 

a discharge control unit 58 configured to obtain the the amount of discharge in a case where an amount of heat 
amount of discharge ( the limit value L of the gas flow rate 25 received by the high - pressure tank from an outside atmo 
F ) of the fuel gas to be discharged from the high - pressure sphere and an amount of heat discharged by the high 
tank 20 to the fuel cells , based on the internal temperature pressure tank to the outside atmosphere as the high - pressure 
Ti measured by the internal temperature sensor 42 , and to tank discharges the fuel gas are balanced , 
perform a discharge control of the fuel gas on the basis of the wherein , if the abnormality detecting unit detects an 
amount of discharge ; output abnormality of the internal temperature sensor , 

an abnormality detecting unit 60 configured to detect an the discharge control unit obtains the amount of dis 
output abnormality of the internal temperature sensor 42 ; charge based on the ambient temperature measured by 
and the ambient temperature sensor and the control infor 

an ambient temperature sensor 44 configured to measure mation stored in the storage unit , and performs the 
an ambient temperature Ta outside of the high - pressure tank 35 discharge control of the fuel gas based on the obtained 
20 . amount of discharge . 

Then , if the abnormality detecting unit 60 detects an 3. The gas control device according to claim 1 , further 
output abnormality of the internal temperature sensor 42 , the comprising a pressure sensor configured to measure an 
discharge control unit 58 obtains the amount of discharge on internal pressure of the high - pressure tank , 
the basis of the ambient temperature Ta measured by the 40 wherein , if the abnormality detecting unit detects an 
ambient temperature sensor 44 and performs the discharge output abnormality of the internal temperature sensor , 
control of the fuel gas on the basis of the obtained amount the discharge control unit obtains the amount of dis 
of discharge . charge based on the ambient temperature measured by 

In the second aspect , the gas control method may further the ambient temperature sensor and the internal pres 
use a pressure sensor 46 configured to measure an internal 45 sure measured by the pressure sensor , and performs the 
pressure P of the high - pressure tank 20 . discharge control of the fuel gas based on the obtained 
Then , if the abnormality detecting unit 60 detects an amount of discharge . 

output abnormality of the internal temperature sensor 42 , the 4. The gas control device according to claim 3 , further 
discharge control unit 58 may obtain the amount of dis- comprising a storage unit configured to store , for each value 
charge ( the limit value L of the gas flow rate F ) on the basis 50 of the internal pressure , control information that associates 
of the ambient temperature Ta measured by the ambient together the ambient temperature and the amount of dis 
temperature sensor 44 and the internal pressure P measured charge in a case where an amount of heat received by the 
by the pressure sensor 46 , and perform the discharge control high - pressure tank from an outside atmosphere and an 
of the fuel gas on the basis of the amount of discharge . amount of heat discharged by the high - pressure tank to the 

The second aspect offers the same effects as the first 55 outside atmosphere as the high - pressure tank discharges the 
aspect . fuel gas are balanced , 

The gas control device and the gas control method of the wherein , if the abnormality detecting unit detects an 
present invention are not limited to the embodiments output abnormality of the internal temperature sensor , 
described above but can of course adopt various configura the discharge control unit obtains the amount of dis 
tions without departing from the essence and gist of the 60 charge based on the ambient temperature measured by 
invention . the ambient temperature sensor , the internal pressure 
What is claimed is : measured by the pressure sensor , and the control infor 
1. A gas control device comprising : mation stored in the storage unit , and performs the 
a high - pressure tank configured to store a fuel gas used in discharge control of the fuel gas based on the obtained 

a fuel cell ; amount of discharge . 
an internal temperature sensor configured to measure an 5. The gas control device according to claim 3 , further 

internal temperature of the high - pressure tank ; comprising a storage unit configured to store control infor 
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mation that associates together a plurality of levels of the 7. A gas control method which uses : 
amount of discharge , a plurality of ranges of the internal a high - pressure tank configured to store a fuel gas used in 
pressure , and a plurality of ranges of the ambient tempera a fuel cell ; 
ture , an internal temperature sensor configured to measure an 

wherein , if the abnormality detecting unit detects an internal temperature of the high - pressure tank ; 
output abnormality of the internal temperature sensor , a discharge control unit configured to obtain an amount of 
the discharge control unit obtains the amount of dis discharge of the fuel gas to be discharged from the 
charge based on the ambient temperature measured by high - pressure tank to the fuel cell , based on the internal the ambient temperature sensor , the internal pressure temperature measured by the internal temperature sen measured by the pressure sensor , and the control infor- 10 
mation stored in the storage unit , and performs the sor , and to perform a discharge control of the fuel gas 

based on the amount of discharge ; discharge control of the fuel gas based on the obtained an abnormality detecting unit configured to detect an amount of discharge . 
6. The gas control device according to claim 1 , wherein output abnormality of the internal temperature sensor ; 

and the high - pressure tank comprises a first tank , and a second 15 
tank that has a smaller storage capacity of the fuel gas an ambient temperature sensor configured to measure an 
than the first tank , ambient temperature outside of the high - pressure tank , 

the internal temperature sensor comprises a first internal the gas control method comprising causing the discharge 
temperature sensor configured to measure the internal control unit to switch temperature information from the 
temperature of the first tank , and a second internal 20 internal temperature to the ambient temperature for use 
temperature sensor configured to measure the internal in obtaining the amount of discharge , obtain the amount 
temperature of the second tank , and of discharge based on the ambient temperature mea 

if the abnormality detecting unit does not detect an output sured by the ambient temperature sens and m 
abnormality of either of the first internal temperature the discharge control of the fuel gas based on the 
sensor and the second internal temperature sensor , the 25 obtained amount of discharge , subsequent to the abnor 
discharge control unit performs the discharge control mality detecting unit detecting an output abnormality of 
by selecting a lower one of the amount of discharge the internal temperature sensor . 
obtained based on the internal temperature measured by 8. The gas control method according to claim 7 , which 
the first internal temperature sensor and the amount of further uses a pressure sensor configured to measure an discharge obtained based on the internal temperature 30 internal pressure of the high - pressure tank , 
measured by the second internal temperature sensor , wherein , subsequent to the abnormality detecting unit and 

if the abnormality detecting unit detects an output abnor detecting the output abnormality of the internal tem 
mality of only the first internal temperature sensor , the perature sensor , the discharge control unit obtains the 

amount of discharge based on the ambient temperature discharge control unit performs the discharge control 35 
by selecting a lower one of the amount of discharge measured by the ambient temperature sensor and the 
obtained based on the ambient temperature measured internal pressure measured by the pressure sensor , and 
by the ambient temperature sensor and the amount of performs the discharge control of the fuel gas based on 

the obtained amount of discharge . discharge obtained based on the internal temperature 
measured by the second internal temperature sensor . 


